The randomly amplified polymorphic DNA (RAPD) method of PCR amplification was used to analyze a group of non-motile aeromonads.
salmonicida subsp. achromogenes and A. salmonicida subsp. masoucida (Popoff, 1984) . A new subspecies, A. salmonicida subsp. smithia was proposed by Austin et al. (1989) .
Strains which could not be assigned to any of the four subspecies are classified as atypical strains of A. salmonicida. Atypical A. salmonicida strains have been isolated from a variety of species of disease fish (McCarthy, 1977; Austin, 1993) .
In many cases, in Europe, Australia and North America, the disease caused by atypical strains is characterized by superficial skin ulcers (Bootsma et al., 1977; Shotts et al., 1980; Trust et al., 1990; Wiklund et al., 1994) .
The ulcerative disease with atypical Aeromonas salmonicida also occurred in goldfish, Carassius auratus, in the 1970s in Japan (Elliott et al., 1980; Shotts et al., 1980) . Subsequently, epizootics of ulcerative disease were observed in cultured eel, Anguilla japonica, with high mortalities (Kitao et al., 1985; Ohtsuka et al., 1984) .
The infection was also observed in Gengorobuna (deep bodied) crucian carp, Carassius cuvieri, and fancy-carp, Cyprinus carpio (Yoshimizu et al., 1997) . Recently, epizootics of ulcerative disease have occurred in marine fish: shotted halibut, Eopsetta grigorjewi, (Nakatsugawa, 1994) , greenling, Hexagrammos otakii, Japanese flounder, Paralichtys olivaceus, and Jacopever, Sebastes schlegeli, in Japan (Iida et al., 1997) . The isolates from ulcer diseases classified as atypical A. salmonicida isolated in Japan have several different biochemical characteristics from each other. Identification of fish pathogenic bacteria is important in the diagnosis of diseases. Diagnostic methods need to be highly specific and sensitive. Miyata et al. (1995) demonstrated genomic homogeneity in A. salmonicida subsp. salmonicida strains using the randomly amplified polymorphic DNA (RAPD) method (Mafia et al., 1994) . The RAPD method uses a single primer of a random sequence to generate strain-specific arrays of anonymous DNA fragments from genomic DNA.
The RAPD technique provides a new means for characterization of bacteria (Stephan et al., 1994) . For example, it has been used for epidemiological subtyping of Listeria spp., Campylobacter spp., Candida and Vibrio sp. (Mazurier and Weranars, 1992; Lehmann et al., 1992; Martin-Kearley et al., 1994) . The usefulness of the technique for differentiation of Aeromonas genomospecies was also investigated (Oakey et al., 1996) .
In this study, phylogenetic analysis of collection of atypical A. salmonicida strains isolated from eight species of fish in Japan and reference strains of the four subspecies of A. salmonicida was performed using the RAPD method. salmonicida subsp. smithia CCM4013 used are listed in Table 1 . All strains were cultured in heart infusion (HI) broth and HI agar (Difco).
DNA preparation Genomic DNAs were isolated by the previously described method (Miyata et al., 1995) . The concentra tion of the purified DNA was determined with a Gene Quant system (Pharmacia, Sweden). 
RAPD primers

Results
The RAPD analysis of 29 strains of atypical A. salmonicida isolated from greenling (7 strains), Japanese flounder (8 strains), jacopever (3 strains), gengorobuna (crudian carp) (2 strains), fancy carp (2 strains), shotted halibut (3 strains), eel (2 strains), goldfish (2 strains), and 4 subspecies of A. salmonicida (Table 1) was carried out using each of the random primers A22, A24, A29, A31, and A32 (Figs. 1 to 5, respectively) . All the RAPD profiles, using primers A22 and A32, of the atypical A. salmonicida were identical except for a few faint DNA fragments (Figs.1, 5) . The RAPD profile amplified by primer A31 was similar among isolates of the same species of fish (Fig. 4) . Some common fragments were found in RAPD profiles of atypical A. salmonicida generated using the primers A24 and A29 (Figs.2, 3) .
On the other hand, the RAPD profiles amplified from the template DNAs of the four subspecies of A. salmonicida (salmonicida, achromogenes, masoucida and smithia) by the five primers differed from one another (Figs.1 to 5 ). These RAPD profiles also differed from those of the atypical A. salmonicida.
Discussion
This study demonstrates that short random primers may be used to differentiate atypical A. salmonicida and the four subspecies of A. salmonicida (salmonicida, achromogenes, masoucida and smithia). All the RAPD profiles, using primers A22 and A32, of atypical A. salmonicida strains were identical.
This indicates a genomic homogeneity among atypical A. salmonicida strains isolated from eight species of fish in Japan, although the biochemical characteristics of each of the atypical strains of A. salmonicida were different (Shotts et al., 1980; Ohtsuka et al., 1984; Nakatsugawa, 1994; Iida et al., 1997; Yoshimizu et al., 1997) .
On the other hand, the RAPD patterns, using primers A22 and A32, of the four A. salmonicida subspecies (salmonicida, achromogenes, masoucida and smithia) differed from those of atypical A. salmonicida. This result indicates a genomic difference between atypical A. salmonicida and the four subspecies of A. salmonicida.
The occurrence of faint products in the RAPD profiles is probably due to impurities in the template DNA rather than genomic differentiation. Contaminating small molecular weight nucleic acids may form template/ primer complexes which reduce the PCR amplification (Micheli et al., 1994) . Wang et al. (1993) showed that RAPD typing is far more sensitive than multilocus enzyme electrophoretic (MLEE) typing for discrimination of related strains. The advantage of RAPD profiles has been illustrated by . The time and costs of obtaining target DNA sequencing information necessary in other Table 1 . Bacterial strains used in this study polymorphism detection assays based on the PCR are avoided in the RAPD method .
The simplicity of the method should make it applicable to any DNA-containing structure.
The oligomerprimers used in this method can be synthesized in unlimited amounts throughout the world.
However, the RAPD results can vary depending on the types of Taq polymerase and thermal cycler that are used (Meunier et al., 1993) . For an exchange of RAPD data between laboratories the source of variation should therefore be taken into consideration, and a standardized methodology should be devised (Meunier et al., 1993) .
Unless the RAPD method is standardized, the RAPD method cannot be used to establish a data bank of patterns for strain identification (Meunier et al., 1993) .
The sensitivity and rapidity of RAPD is higher than those of the usual methods of fingerprinting.
The discriminating ability of the RAPD method is virtually unlimited, since it is always possible to use another primer. Thus, the RAPD method for studies of bacterial genomic homogeneity is very useful. preliminary identification of the causative agent of carp erythrodermatitis. Vet. Arh., 47, 291-302. Elliott, D. and E. B. Shotts (1980) 
